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OIL SHALE RESOURCES OF THE NAVAL OIL SHALE 


RESERVE NO. 1, COLORADO 


by 


John Ward Smith!, Thomas N. Beard?, and Laurence G. Trudell? 


ABSTRACT 


The resource of potential oil represented by Green River Formation 
oil shale on Naval Oil Shale Reserve No. 1 (NOSR No. 1) in the southeast 
corner of Colorado's Piceance Creek Basin is evaluated in detail. NOSR 
No. 1 is the site of intensive long-term oil-shale development studies 
and is the source of innumerable oil-shale samples for all manner of 
testing. A brief history of these studies is presented. This oil-shale 
resource is defined from oil-yield assay data on 33 cores plotted as 
histograms and correlated into cross sections. Contour maps of thickness, 
richness and oil resource in place are presented for the Mahogany Zone, 
the rich zone in the Mahogany zone, and for 2 units beneath and 5 units 
above the Mahogany zone. Total oil shale resource on NOSR No. 1 is 20.4 
billion barrels of which 17.4 billion barrels are particularly suitable 
for development by vertical modified in-place processes. A previously 
unknown Mahogany zone outcrop providing much additional development 
access is described. Now under sole control of the U. S. Department of 
Energy (DOE), NOSR No. 1 offers DOE a unique site for oil shale testing 
and development. 


INTRODUCTION 


The Naval Oil Shale Reserve No. 1 (NOSR No. 1) in the southeast 
corner of Colorado's Piceance Creek Basin (Figure 1) is probably the 
most widely publicized and intensively studied oil-shale tract in the 
entire Green River Formation. It is the site of the U. S. Bureau of 
Mines Anvil Points Demonstration Oil Shale Mine established in 1945 
(Staff BM, 1945: Kramer and Buchan, 1945) under the Synthetic Liquid 
Fuels Act. This mine furnished oil shale to the Bureau of Mines oil- 


‘Division Manager, Division of Resource Characterization, Laramie 
Energy Technology Center, DOE, Laramie, WY. 

*Consulting Geologist, Denver, CO. 

3Section Supervisor, Division of Resource Characterization, Laramie 
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shale demonstration plant and served as a model for underground oil- 
shale mining (East and Gardner, 1964). Over the years this installation 
has provided an immense amount of oil-shale information and oil-shale 
processing data. It has furnished innumerable samples world-wide for 
all manner of testing. In spite of these years of continuous oil-shale 
investigation, a detailed evaluation of oil-shale resources on Naval Oil 
Shale Reserve No. 1 has not been available. This paper describes the 
complete oil-shale resource of NOSR No. 1 in detail, defining it with 
correlated cross sections and contour maps of thickness, richness and 
oil resource in place. 


Naval Oil Shale Reserve No. 1 was established Dec. 6, 1916, by 
Executive Order of President Woodrow Wilson as a long-range guarantee of 
oil for the U. S. Navy in future emergencies. The adjacent Naval Oil 
Shale Reserve No. 3 was added by Executive Order September 27, 1924, to 
provide working space and waste disposal areas for development of NOSR 
No. 1. These oil-shale reserve areas are outlined in Figure 2. Oil- 
shale resources occur only on the basinward side of the line in Figure 2 
defining the Mahogany Marker outcrop. Only 3 small areas of NOSR No. 3, 
representing less than 20 acres, occur on the resoutce side of the 
Mahogany Marker outcrop. Oil-shale in these NOSR No. 3 areas represents 
an insignificant fraction (<0.1%) of the total oil-shale resource in the 
two reserves. Consequently, no additional evaluation of NOSR No. 3 oil- 
shale resources is included in this report. 


Oil-shale evaluation and development efforts on NOSR No. 1 have had 
a continued but checkered history, characterized by the Navy's being 
unable to conduct direct work but continually supporting other work. 
While the Secretary of the Navy had Congressional authority since 1920 
to explore and develop the Naval Petroleum Reserves, no such authority 
existed for the Naval Oil Shale Reserves. However, administration of 
the reserves was transferred to the Department of the Interior in 1921. 
Although this transfer was terminated emphatically as a result of the 
Teapot Dome scandal, the Bureau of Mines, using funding generated from 
Congress by the Navy's interest in fuel oil, conducted oil-shale work on 
land then in NOSR No. 1. The Rulison mine was opened on Cottonwood 
Point, two miles southwest of the Anvil Points mine in Figure 2. This 
mine supplied oil shale for the retorting experiments described by Gavin 
and Desmond (1930). Transfer of NOSR No's. 1 and 3 back to Navy juris- 
diction terminated these experiments. Beginning in 1944, the Bureau of 
Mines conducted oil-shale experimental work on NOSR No's. 1 and 3 under 
the Synthetic Liquid Fuels Act. When funding for this work was discon- 
tinued in 1956, the Bureau of Mines Rifle Oil Shale Demonstration Plant 
had developed a room-and-pillar oil-shale mining method (East and 
Gardner, 1964) and the internally heated continuous gas combustion 
retort (Matzick et al 1966). During this operation 14 coreholes were 
drilled on NOSR No. 1. The enactment of Public Law 87-796 in 1962 
permitted the Navy to develop oil shale and permitted the Department of 
the Interior to lease the idle Demonstration Plant for research purposes. 
A consortium of petroleum companies backed the Colorado School of Mines 
as lessee in a mining and retorting investigation (Ruark et al 1969, 
1971). Subsequently, the facility was leased by Development Engineering, 
Inc., a private company, to conduct production research. This included 
producing 100,000 barrels of shale oil for refining tests sponsored by 
the U. S. Navy. 
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The oil-shale resource on Naval Oil Shale Reserve No. 1 is now the 
responsibility of the Department of Energy (DOE). The 1977 act creating 
DOE transferred to DOE jurisdiction over Naval Oil Shale Reserve No. 1 
and No. 3. Immediately before this transfer, Congress had approved a 
Navy Department predevelopment plan for the Naval Oil Shale Reserves, 
involving resource assessment, technology assessment, production design, 
and environmental studies. Seven cores drilled in beginning this study 
contribute data to this report. 


Naval Oil Shale Reserve No. 1 provides the Department of Energy a 
major oil-shale tract completely under Department of Energy jurisdiction. 
No other area under such simple control is available to DOE in the 
entire Green River Formation. A stated DOE objective is attempting to 
encourage oil-shale development. The complications created by land 
jurisdiction splintered among several federal agencies, together with 
the facilities and background knowledge available on the Colorado Naval 
Oil Shale Reserves will continually force DOE to consider oil-shale 
development in NOSR No. 1. This detailed evaluation of the oil-shale 
resource on NOSR No. 1 is intended to provide the basic resource infor- 
mation required. 


RESOURCE EVALUATION PROCEDURES 


The procedures described in detail for evaluating Colorado's primary 
oil-shale resource for vertical modified in-situ processes (Smith, 
Beard, and Trudell, 1978) were applied to the NOSR No. 1 resource. This 
involves exploiting available oil yield assay data to correlate the 
deposit into precisely corresponding units, then calculating section 
thickness, average oil yield, and oil resource in place for each core. 


Data Base 


Fischer assay oil-yield data accumulated on 33 cores which sampled 
all or part of the oil shale on or adjacent to NOSR No. 1 constitute the 
data base for this evaluation. Location of these 33 coreholes are shown 
in figure 2. .The numbers assigned to the coreholes are identified in 
table 1 with the name of the agency which took the core, the corehole 
name, and the corehole location and elevation. All locations are given 
in relation to the 6th Principal Meridian, and all elevations are above 
mean sea level. 


Only about 1500 of the more than 18,000 individual oil-yield assays 
considered in this report were not obtained by the Fischer retort assay 
method (Stanfield and Frost, 1949) as standardized for oil-shale resource 
evaluation by the Laramie Energy Technology Center. Precise standardi- 
zation of the empirical Fischer assay method is required to produce 
assay results suitable for resource evaluation. The two Union Oil Co. 
cores (19 and 20) were not assayed at Laramie. They are not in the 
Naval Reserve but are included to aid correlation. Much of the oil- 
yield data has been published (Stanfield et al, 1957; Stanfield et al, 
1960). Coreholes 6, 7, 9, 13, 14, 18, and 22 (Figure 2), drilled under 
the recent Navy resource evaluation program, provided previously unavailable 
data. 
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1 UNION OIL CO. OF CALIF. TOP 
GRACE COREHOLE BOT 
NESWNW SEC 25-4S-95U) THK 
ELEV. 7672 GR AVG 
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7 U.S. NAVY TOP 
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8 U.S. BUREAU OF MINES TOP 
COREHOLE I BOT 
NWSENW SEC 20-5S-94W THK 
ELEV. 8465 GR AVG 
cc449 RES 
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18.61 
174308. 


585.8 
620.8 
115.8 

are ig 
149589. 


559.8 
635.8 B 
roo P 
14.62 
85798. 


642.8 

747.8 

105.8 
17.65 
139886. 


1268.4 

1346.2 

137.8 
24.77 
245008. 


493.8 

640.8 

141.8 
25.88 
259988. 


77933 

919.8 

13953 
26.89 
265480. 


coreholes in and adjacent to “aval 


OIL SHALE UNIT 


"A"-GR U=t 
849.08 891.8 
863.0 849.0 
14.8 48.8 
5.44 17.14 
6342. 62330. 
528.8 472.0 
535.8 520.08 
15.8 58.8 
3.96 16.03 
7404. 61226. 
498.0 448.0 
585.8 499.0 
i5.8 59.8 
4.59 15.84 
5769. 69598. 
540.8 495.8 
359.0 349.8 
198 45.6 
4.61 13.69 
6421 46008. 
627.8 584.8 
642.08 627.8 
15.6 43.8 
jen he) 14.89 
€439. 49338. 
1194.8 1139.9 
1288.4 1194.8 
14.4 54.1 
8.06 17.81 
9435 72626. 
485.8 425.6 
499.6 485.8 
14.8 68.8 
16.88 17.33 
11288 79446. 
766.7 714.4 
rate) 766.7 
12.8 D263 
5.28 Tae rg 
9546. 76766. 


end of table. 


Oil Shale Reserve No. 1 (continued) 


78918. 


TOTAL 
SECTION 


393208. 


332.8 

747.8 

415.8 
14.28 
458708. 


854.8 

1346.2 

491.4 
17.13 
637688. 


158.8 

648.8 

498.8 
17333 
642408. 


443.8 

919.8 

476.0 
17.54 
630488. 


IN 


Naval 


Nil Shale Reserve 


No. 


1 (continued) 


TOTAL 
SECTION 


TABLE 1. Oil-shale resource data for coreholes in and adjacent to 
OIL SHALE 
MAP RICH 
NO. COREHOLE 1 AGiHe L-1 "B"-GR ZONE Mz "A"-GR 
17 U.S. BUREAU OF MINES TOP 639.0 555.8 521.8 417.0 387.8 375.8 
COREHOLE D BOT 698.0 639.0 555.0 479.0 521.0 387.8 
SWSWSL) SEC 11-SS-95U THK 51.8 84.0 34.0 62.8 134.9 12.8 
ELEV. 7885 GR AVG 9.22 20.12 5.08 34.48 26.07 5.41 
CC134 RES 37868. 125388. 14196. 143968 2485680. 5462. 
18 U.S. NAVY TOP 1234.8 1148.0 1114.8 1014.2 984.0 972.8 
COREHOLE 20 BOT 1279.8 1234.0 1148.0 i070.0 1114.0 934.0 
NUSUSL) SEC 14-5S-95W THK 45.8 86.0 34.0 55.8 130.8 12.8 
ELEV. 8392 GR AVG 9.74 19,93 3.80 32,39 23.59 8.05 
CC4965 RES 35158. 127388. 10928. 123308. 221900. 7861 
19 UNION OIL CO. OF CALIF. TOP 586.5 556.5 539.5 
LIGNUM VITAE 9 BOT 647.5 685.58 556.5 
NENWSE SEC 28-5S-95U THK 61.0 129.0 P 17.8 
ELEV. 7678 GR AVG 30.298 23.880 18.96A 
CC88M RES 127886.A 222400.A 14880.A 
26 UNION OIL CO. OF CALIF. TOP 452.3 424.3 418.3 
LIGNUM VITAE 13 BOT Si 5S. 547.3 B 424.3 
SESWNE SEC 21-5S-95U THK 59.8 123.8 P 14.0 
ELEV. 7653 GR AVG 34.360 26.988 13.849 
cceim RES 136508.A 234000.A  15049.A 
21 U.S. BUREAU OF MINES TOP 838.0 740.8 718.8 607.0 580.0 565.0 
COREHOLE H BOT 843.0 B 838.8 748.8 665.8 7180.8 580.8 
SESENW SEC 23-5S-95W THK 13.8 P 90.8 30.8 58.0 136.0 15.8 
ELEV. 8015 GR AVG 11.86 18.52 3.26 34.82 25.35 9.02 
cc482 RES 11410. 125800. 8304. 1356080. 235600. 19918. 
22 U.S. NAVY TOP 990.8 898.0 871.0 859.9 
COREHOLE 26 BOT 1037.88 952.0 999.8 871.0 
SENUSE SEC 36-5S-95U THK 47.8 P 54.0 119.8 12.8 
ELEV. 8689 GR AVG 2.08 35.14 24.94 7.34 
cc4973 RES 8414. 127208. 212800. 7211. 
23 U.S. BUREAU OF MINES TOP 795.0 697.0 670.8 660.0 
COREHOLE K BOT 797.8B 752.0 795.0 670.0 
SWSWSW SEC 5-6S-95U THK 2neule shay) 125).0 18.8 
ELEV. 8211 GR AVG 2.55 33.48 24.11 13.24 
CC375 RES 435. 124508. 217308. 10330. 
24 MOBIL OIL CO. TOP 937.4 916.1 898.7 
COREHOLE 3 BOT 989.3 1027.8 B 910.1 
SENENW SEC 8-6S-95W THK 51.9 117.7 P 11.4 
ELEV. 8513 GR AVG 33.18 24.70 9.16 
cc3779 RES 116980. 208789. 8418. 
1/ Symbols and measurement units defined in footnotes at end of 


7.56A 
66110.A 


515.8 

565.8 
56.6 
18.63 

69796. 


815.8 

859.0 
44.6 
17.65 

586808. 


629.8 

€68.0 
48.0 
16.89 

51260. 


855.8 

898.7 
43.7 
17.25 

37849. 


table. 


14.87A 
87278.A 


280.3 

368.3 
88.8 
15.21A 

93538.A 


446.8 

315.8 
79.0 
14.75 

65306. 


741.8 

815.8 
74.8 
Sieg 

86898. 


558.8 

628.0 
78.8 
15.42 

82798. 


782. 
855. 
tes 
14. 
8229 
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13.55A 
73838.A 


2186.3 

288.3 
78.8 
13.38A 

72578.A 


365.8 

448.0 
to08 
14.87 

85946. 


675.0 

741.8 
66.0 
13.98 

71596. 


475.8 

558.8 
(O08 
14.94 

86286. 


717.8 

fasvao) 
65.9 
13.99 

71568. 


52646.A 


258.8 

318.8 
68.8 
hanes 

33500). 


605.8 T 

625.0 
2068) P 
WARN 
19008. 


378.8 

425.0 
55.8 
10.68 

46458. 


616.4 

667.0 
58.6 
11.41 

45670. 


574988.A 


98.3 
547.3 B 
457.0 P 

17.58A 

604100.A 


258.6 

718.8 

460.8 
17.69 
613808. 


685.8 T 
998.8 
385.4) P 
17.98 
919080. 


378.8 

795.8 

425.8 
17.34 
557580. 


616.4 
1027.8 B 
411.4 P 
17.10 
533108. 


TABLE 1. 


26 


27 


28 


293 


38 


31 


32 


MOBIL OIL CO. 
COREHOLE 2 

SWSWNW SEC 18-6S-95W 
ELEY. 8588 GR 

CC3767 


U.S. BUREAU OF MINES 
COREHOLE D-5 

SENWSW SEC 12-6S-95W 
ELEV. 8276 GR 

CC1342 


U.S.BUREAU OF MINES 
COREHOLE C 

NWSWNW SEC 12-6S-95W 
ELEY. 8586 GR 

cce4 


U.S. BUREAU OF MINES 
COREHOLE A 

NWNESW SEC 12-6S-95W 
ELEV. 8792 GR 

CC38 


U.S.BUREAU OF MINES 
COREHOLE B 

NWSENW SEC 12-6S-S5W 
ELEV. 8708 GR 

CC68 


MOBIL OIL CO. 
COREHOLE 1 

NWNWNW SEC 14-6S5-95W 
ELEV. 8655 GR 

CC3r77 


MOBIL OIL CO. 
COREHOLE 4 

SENENW SEC 18-6S-95W 
ELEV. 3395 GR 

CC3768 


MOBIL OIL CO. 
COREHOLE 5 

SENWNE SEC 11-6S-96W 
ELEV. 8498 GR 

CC3774 


1/ Symbols and measurement units defined in footnotes at end of table. 
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Oil-shale resource data for coreholes in 
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183500. 


34.53 
113108. 


746.6 

797.4 

58.8 
34.98 
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and adjacent to Naval Oil Shale "eserve No. 1 (continued) 


770.8 

886.1 

116.1 
22.88 
192500. 


Qoiet 
11251 B 
86.4 P 
24.51 
152308. 


374.8 
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21.18 
16°a608. 
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Medal le 
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719.8 

837.8 

118.8 
24.99 
211308. 


1022.6 

1116.8 B 
93.4 P 
28.87 

188288. 


OIL SHALE UNIT 


"A"-GR Ua4 
COE 718.0 
770.8 (ai <2 
Laue 39.5 
3.63 17.38 
53846 51920 
Weare 6.8T 
25.0 12.7 
13.8 Wear 
epee] 19.14 
6643. 18158 
68.0 322.0 
374.0 363.08 
14.6 38.0 
3.91 16.84 
6855, 48580 
569.6 476.0 
522.68 599.6 
13:10 39.8 
Binge 16.78 
9655 494968 
394.8 SI5i.'D 
497.9 334.0 
gS) 290 
5.48 16.28 
5845 48410 
655.4 616.80 
668.8 655.4 
13.4 39.4 
6.68 17 hs 
6740. 51148 
707.8 663.8 
elas) (Oto 
NOW 44.8 
6.39 17.56 
5986 58810 
1012.1 968.6 
1022.6 NAS 
18.5 44.1 
Diet fF 17.66 
5823. 58768. 


194.8 

254.08 
68.0 
13.43 

62798. 


342.8 

404.0 
62.8 
13.44 

64890. 


226.6 

291.6 
65.8 
13.85 

66268. 


492.9 
547.1 
94.2 
Met LE 
58148. 


DSeu0 

995.8 
63.8 
14.04 

68576. 


827.0 

896.1 
69.1 
14.25 

76248. 


TOTAL 
SECTION 


511608. 


8.8 T 
11251 B 
Weiner 
21.43 

176580. 


92.6 
482.8 
398.8 

15.78 

470988. 


239.0 

628.0 

389.0 
15.49 
462108. 


124.8 
486.8 B 
362.8 P 

15.95 

442108. 


384.6 

779.6 

395.8 
16.23 
488808. 


437.8 

837.8 

3991.2 
17.41 
525386. 


717.6 
L116.) B 
398.4 P 
17.42 
524608. 
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TABLE 1. Oil-shale resource data for coreholes in and adjacent to Naval il Shale ™eserve “Ilo. 1 (continued) 


OIL SHALE UNIT 


MAP LA RICH TOTAL 

NO. COREHOLE oy i=2 js | "B"-GR ZONE MZ "A"-GR Vay U-2 U-3 U-4 U-5 SECTION 

33 MOBIL OIL CO. TOP 892.7 808.7 v74.i1 762.1 719.8 646.5 576.7 538.8 488.1 488.1 
COREHOLE 6 BOT 904.8 B 858.8 892.7 774.1 (62.1 acl! 646.5 376.7 530.8 892.7 
CSi172Si172 SEC 11-6S-96U THK LiecaP 49.3 118.6 12.8 43.1 Tejas 69.8 46.7 49.9 412.6 
ELEV. 8389 GR AVG Faecal s| 36.57 ome 5.85 17.38 15.20 14.45 i7.l2 18.68 WGA) 
CC3822 RES 23601. 119789. 2133008. 3819, 56438. 84748. 77948. 60588. 42428. 541088. 


FOOTNOTES 
SYMBOL’ MEANING 
A FISCHER ASSAYS WERE NOT DONE BY LETC 
B BOTTOM OF CORE SAMPLES 
M MISSING CORE SAMPLES 
Ee UNIT IS ONLY PARTLY REPRESENTED BECAUSE CORE STARTS OR ENDS WITHIN UNIT 
i TOP OF CORE SAMPLES 
TOP TOP OF UNIT, FEET 
BOT BOTTOM OF UNIT, FEET 
THK THICKNESS OF UNIT, FEET 
AVG AVERAGE OIL YIELD, GALLONS PER TON 


RES IN-PLACE OIL RESOURCE, BARRELS PER ACRE 


Resource Cross Sections 


Green River Formation oil shale on NOSR No. 1 is in the Formation's 
Parachute Creek Member as defined by Trudell, Beard, and Smith (1970). 
However, stratigraphic distribution of the resource, centering around 
the Mahogany zone (Smith, Beard, and Trudell, 1978), is extremely variable. 
Consequently, smaller stratigraphic units were selected to facilitate 
evaluation. Precise definition of geologically comparable sections is 
required to evaluate an oil-shale resource. The time-stratigraphic 
framework developed for the Piceance Creek Basin by Trudell, Beard, and 
Smith (1970, 1974) permits this precise correlation. Correlation cross 
sections across NOSR No. 1 were constructed along the lines shown in 
figure 3. The cross sections are based on oil-yield histograms with 
depth. These histograms, stratigraphic richness profiles, are given on 
the cross sections plates 1-5. On the histograms missing samples are 
denoted by plotting oil yields of missing intervals below the zero oil- 
yield line. This distinguishes between a missing sample and a barren 
sample. Each histogram is labeled with its corresponding map number, 
the agency who drilled it, and the well name, location, and reference 
elevation. On the depth scale of each histogram, measured below the 
reference elevation, are indicated the top of the cored interval and the 
bottom of the cored interval. Histograms are entered along each cross 
section at intervals approximating their distance apart according to the 
horizontal scale given on each plate. The geographic location of each 
cross section is indicated on each plate by a heavy line across an inset 
map of NOSR No. l. 


Correlation of the oil-yield histograms on the cross sections was 
developed by linking them together with time lines. A primary time 
line, the bottom of A-groove, is used as a reference line and plotted 
horizontally across all the cross sections. The bottom of A-groove is 
the top of the Mahogany zone. The balance of the time lines shown on 
the plates are based on the fact that oil-yield richness configurations 
reliably define time correlations in Green River Formation oil shale. 
As demonstrated by Trudell, Beard and Smith (1970, 1974) oil yield 
histograms express correlatable time sequences. Any line connecting 
equivalent points in a distinctive richness sequence is a time line. 
The top of B-groove and the top of A-groove are two additional and 
readily recognizable points in the oil-yield histograms. These time 
lines bound two units on the cross sections--the Mahogany Zone (abbre- 
viated MZ) and A-groove. 


To complete the description of the oil-shale resource on NOSR 
No. 1, several additional units were established. These units are also 
bounded by time lines connecting the oil-yield histograms. The first of 
these is the rich zone, abbreviated RZ in the cross section plates. The 
rich zone (rich section) was initially defined as the optimum strati- 
graphically defined minable section in the Mahogany zone (Stanfield et 
al, 1960). Resource evaluation based on the rich zone boundaries defines 
geographic variation of this optimum section in which all experimental 
oil-shale production mining in Colorado has been conducted. 
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FIGURE 3. 
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A thick section of continuous oil shale overlies the Mahogany zone 
and A-groove. To facilitate evaluating this long sequence, it was 
divided into five sections, each a stratigraphically definite unit. 
These *overlying™units are labelled U-1 »°U-2;U-3, U-4, and U-5 on the 
cross sections. They are present throughout the Naval Oil Shale Reserve 
No. 1 area. The top of U-5 is equivalent to a unit top (Unit III) used 
by Smith, Beard and Trudell (1978) in defining the Piceance Creek Basin 
oil-shale resource most suitable for development by vertical modified 
in-situ technologies. Oil-shale units above this point are present 
farther south in Colorado's Green River Formation and are present in 
Utah. However they are largely absent from the NOSR No. 1. An additional 
reason for stopping resource evaluation at the top of unit U-5 is that a 
vuggy, water-bearing leached zone created by ground-water solution of 
nahcolite exists at the south end of NOSR No. 1. This aquifer occurs at 
and above the top of unit U-5. Resource represented by the additional 
low-grade oil shale overlying the top of unit U-5 will be discussed with 
evaluation of the total resource. 


The unit, B-groove, immediately underlies the Mahogany zone. B- 
groove is a clastic-loaded, porous sequence of lacustrine deposits 
containing almost no oil shale. B-groove is characterized on the cross 
sections as the zone of extremely low oil yield defining the bottom of 
the Mahogany zone. 


Oil shale underlies B-groove. Twelve cores sample some oil shale 
and eight of these sample substantial thicknesses of the Green River 
Formation below B-groove. Cores 4, 6, 7, 9, 14, 15, 18 and 27 sample 
sections ranging from 320 feet (core 4) to 1200 feet (core 27) below the 
bottom of B-groove. Cores 8, 17, 21, and 28 sample sections from 100 
feet to 160 feet below the bottom of B-groove. As demonstrated by core 
27 (plates 3 and 5), little oil shale exists below B-groove at the south 
end of the NOSR No. 1. The oil shale below B-groove is also poor in the 
northeastern corner of NOSR No. 1 (core 4, plate 1). However more oil 
shale exists below B-groove in the western and northwestern parts of the 
Reserve. Histograms demonstrating this include cores 14 and 15 (plate 
1) and core 8 (plate 2). Even these sections contain substantial thick- 
nesses of low-grade shale, making them a discontinuous oil-shale deposit. 
The best of the oil shale underneath B-groove occurs immediately below 
B-groove. To evaluate this part of the deposit two oil shale units, 
labeled L-1 and L-2, were selected and correlated. The balance of the 
Green River Formation oil shale below L-2 was deemed too low grade and 
discontinuous to warrant evaluation. 


Corehole Unit Calculations 


The horizons represented by the time lines on the NOSR No. 1 cross 
sections (plates 1-5) were designated on each histogram. Depth of the 
top and bottom of each unit are given in table 1 for each corehole. 

Unit thickness and average oil yield calculated by the Laramie Energy 
Technology Center procedure that compensates for density differences in 
oil shale (Stanfield et al, 1960) are given in table 1 for each core. 
Oil resource represented by the rock in place in each unit is also given 
for each core. Oil resource values are given in units of barrels of oil 


14 


per acre. A total section consisting of the Mahogany zone and the five 
overlying units reaching from the bottom of the Mahogany zone to the top 
of unit U-5 was also designated. Table 1 gives top and bottom depths, 
total thickness, average oil yield and oil resource in place for this 
total section. This total section evaluates the continuous oil-shale 
resource suitable for development by vertical modified in situ processes. 
It is approximately the same section included for NOSR No. 1 by Smith, 
Beard, and Trudell (1978) in their basin-wide evaluation of the primary 
resource available for vertical modified in-situ development. The 
differences will be discussed with evaluation of the resource. 


NOSR NO. 1 RESOURCE EVALUATION 
To complete evaluation of the NOSR No. 1 oil shale resource, contour 
maps defining variation of unit thickness, average oil yield and oil 
shale resource were constructed from the data in table 1. There are 


three maps for each oil-shale unit as follows: 


FIGURE NUMBER 


Unit Thickness Oil Yield Average Resource 
L-2 4 5 6 
L-1 . ri 8 9 
Rich zone 10 11 te 
Mahogany zone 3 14 15 
U-1 16 17 18 
U-2 19 20 24, 
U-3 22 22 24 
U-4 25 26 27 
U-5 28 29 30 
Total section 31 2 33 


These maps define the resource precisely, providing resource evaluation 
and geologic detail, both required to evaluate development potential. 


The oil-shale resource on NOSR No. 1 is evaluated by summarizing 
areas enclosed in the thickness, average oil yield and resource contours. 
Table 2 presents these summaries as percentage of total area. The area 
inside the Mahogany Marker outcrop and NOSR No. 1 boundaries was measured 
as 33,860 acres underlain by oil shale. This total area is applicable 
to Units L-2, L-l, the Rich zone and the Mahogany zone. 


Erosion has removed part of the units overlying the Mahogany Zone. 
Figure 34 compares the Mahogany Marker outcrop with the outcrop of the 
top of unit U-5. The difference in area enclosed by these two outlines 
was measured. This difference was distributed proportionally among 
units U-1 to U-5 to obtain the areas given for these areas in table 2. 
Overburden contours above the top of the Mahogany Zone (plate 6) demon- 
strate the validity of this assumption of regularity. The Total section 
Values in table 2 contain no correction for this loss of resource to 
erosion. 


The resource summaries in table 2 provide the data required for 
evaluating the total oil-shale resource on NOSR No. 1. Table 3 presents 
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Unit L-2 thickness contours 
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Unit L-2 average oil-yield contours 
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FIGURE 6. Unit L-2 resource contours 
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FIGURE 7. 


Unit L-1 thickness contours 
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FIGURE 10. Rich zone thickness contours 
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Rich zone average oil-yield contours 
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FIGURE 13. Mahogany zone thickness contours 


RO5W R94W . ROSW 
Sie a = ————— Ses ae ee stacey ena at ony ee —— — 4 
g | e 
Leet +— + + 1 ty = —_ = +- =| 
| 36 36 31 
| 
me creek 
VA qe oF 
{ . 4 . 
9 / “~? e 
‘2 |) as 
\ middle | a4 | a Crees 
ae 7 ot és 
T Ne, Se jn er 
Nee } ] 5 
S S 
S| of © 
- -@ 1 Y- & + 
% Vv 
Los > NOR | oO @® 
NU 2 y 
— oe = ah 
36 x e : Ja 31 
& 4 
— - neve 
{ 6 Eee 4 
NOSR 3 \ 
ge T mand — | | 
pat, fH 
Anvil Points Mine, 
ie ee | u X me | 
= ig e 
Anvil Points 
Retort Area 
T 
k qa tH —§_ qf +. + Lf 
s NOSR 1 
NOSR|3 | 
NOSR 1 
ik ! I ! 
i] 
| 
ia zs LEGEND 
S\ MAHOGANY MARKER OUTCROP 
e COREHOLE LOCATIONS 
° A eens AVERAGE OIL YIELD OF UNIT, GAL/TON 
™ ew APPROXIMATE OR INTERPRETIVE 
Grand -. i. 1 @ @ @ UNIT REMOVED BY EROSION 
Valley” “ty 
"7 yy | 
= h ea ip { 1/2 (e) 1 Mi 
a eet 
g Senn { Km. 
96W 
FIGURE 14. Mahogany zone average oil-yield contours 


Re ~ R93W 
— a S faeememr metas ais 3 = 


nL 


OSH 


aus 


Anvil Points 
Retort Area 


a4 


ells 
i= 
aN 
a+ 


LEGEND 


St MAHOGANY MARKER OUTCROP 

@ COREHOLE LOCATIONS 
wmemees RESOURCE IN UNIT, 1000 BBL/ACRE 
em™es APPROXIMATE OR INTERPRETIVE 
wee UNIT REMOVED BY EROSION 


Grand -_ 
Valley}. w) 


\ 
< 


ie 
ad | 


R9O5W 


ono 


96W 


FIGURE 15. Mahogany zone resource contours 
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FIGURE 19. Unit U-2 thickness contours 
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FIGURE 20. Unit U-2 average oil-yield contours 
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FIGURE 28. Unit U-5 thickness contours 


nNLH 


aad 


AAA 


93W 
R94W : Sa cae 
ROSW a Sy = aes ; — ont 
e 
| 
| 
= 
5 
5 
! 
2 “Anvil Points Mine, 
Nae ree acer 
« 
eS = = V8 
Se 
eo | 
et Oe) | 
1) 
irae y) 
Va ! 
+ Se ae | 7) 


Grand -_ 
Valley” “hy t) 


> / 
2 

Rye 

NA NE 


ana 


RI6W 


FIGURE 29. 


Pe 
RSSW 


LEGEND 


SX MAHOGANY MARKER OUTCROP 

@  COREHOLE LOCATIONS 

qm AVERAGE OIL YIELD OF UNIT, GAL/TON 
om = ~APPROXIMATE OR INTERPRETIVE 
ema UNIT REMOVED BY EROSION 


Unit U-5 average oil-yield contours 


ous 
nS 


RMMnvil Points Mine: | 
i] 


i Anvil Points 
LAS : Retort Area 


T 
a ee ip. S18 
eae 
He =| 


LEGEND 


S.\ MAHOGANY MARKER OUTCROP 

@ COREHOLE LOCATIONS 

eemmeee RESOURCE IN UNIT, 1000 BBL/ACRE 
eo we APPROXIMATE OR INTERPRETIVE 
@a— UNIT REMOVED BY EROSION 


ro 
Oo 
°o 
= 
3 


FIGURE 30. Unit U-5 resource contours 


__R93W 
RO5W a 2 = Raw * # er "taba 
Hig TT = — —SEE y = ee ees kay S 
S \ | 
| . rete Yet seg —— ty 
| —_— 
500 36 3! | | | 36 31 
| 
creek a2 i‘ 1 
e: 6 Rip. % . : ‘NOSR 
408 F ‘ 
e | 
| 
| ge: | Ryi= 
- Ls tog | 
a widdle Pe a A . NOBR 3 NOSR 3 
N x 
7 ; | I 
5 T 
S Ss 
e 
@ 
= oe es - 
i 
? } 
— | Te 
an 
| 
oc | | 
| | 
| | 1 6 : = 
| | > 
7. ! | 
e H | 
= if 
P 4 ' | 
Anvil Points Mine; | | 
= = ~ atl » pe Self ht as } N - = es i —t = =. 
| 
rS =i Revort Rees : 
\ 
Te i eee ee eee oe 7 6 
6 / s 
s NOSR 1~ | : | 
a : | | 
: NOSR|3 
fi r= = a Sia t oF, if = 
NOSR | | 
NOSIR 3 
— il — is + i | 
a. i i 
xis. LEGEND 
S\ MAHOGANY MARKER oUTCROP 
€ @ COREHOLE LOCATIONS 
i 6 Riv esmmeee THICKNESS OF UNIT, FEET 
eme ae APPROXIMATE OR INTERPRETIVE 
Grand a 7 | @ @ @ UNIT REMOVED BY EROSION 
Valley}. 
Cw “I mi 
a { 1/2 0 1 Mi, 
Hi )) i ZN 
€ i so 3 1 Km. 
s| 
96W ROSW 
FIGURE 31. Total section (base Mahogany to top U-5) thickness contours 
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FIGURE 32. Total section (base Mahogany to top U-5) average oil- 
yield contours 
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TABLE 2. Contour Map Summary 


Green River Formation Oil Shale 
Naval Oil Shale Reserve No. 1, Colorado 


Average 
Unit Thickness‘ Area Oil Yield Area Resource Area 
Contour Maps feet . percent gallons percent 1000 bbls/acre percent 
Unit area, acres Off totar per ton of total of-tetal 
Unit L-2 

Figures 4, 5, 6 >80 ieee) >14 Ore >40 La. 
33860 acres 70-80 24.6 >, Pi2-14 ae) 30-40 40.4 
60-70 aL. 10-12 aL 20-30 3340 
50-60 34.2 8-10 19.8 <20 24.9 

<50 7.4 6-8 135 

4-6 26.6 

2-4 20.6 

<2 is 
Unit L-1l >90 Toes: 222 Owe >140 0.9 
Figures 7, 8, 9 80-90 29.8 20-22 ne 120-140 10.8 
33860 acres 70-80 ES} 18-20 tery s! 100-120 Lau 
60-70 24.1 16-18 9.6 80-100 13.8 
<60 Late 14-16 2a 60-80 L726 
12-14 L3ao 40-60 Lies 
10-12 Lies 20-40 LGee 
8-10 Te <20 re 

6-8 8.8 

4-6 Ve 

<4 Sie: 


Average 
Unit Thickness Area Oil yield Area Resource Area 
Contour Maps feet percent gallons percent 1900 bbls/acre percent 
Unit area, acres of total per ton of total | of total 
Rich Zone >60 954 >36 dol) >140 ihe ees 
Figures 10, 11, 12 50-60 5250 34-36 the By | 120-140 oeau 
33860 acres 40-50 22:39 32-34 29:02 100-120 29.0 
30-40 13.8 30-32 20.6 80-100 16.9 
<30 a23 28-30 NK) 60-80 orl 
26-28 gad 40-60 ee 
24-26 3.0 <40 Ae: 
22-24 yay: 
20-22 gol 
18-20 L.9 
<18 oo 
Mahogany Zone >140 1.0 >26 4el >260 0.5 
Figures 13, 14, 15 130-140 2143 24-26 Me oF! 240-260 10.8 
33860 acres 120-130 23% 22-24 24.6 220-240 aly Mar 
110-120 gail 20-22 Le 36 200-220 19.6 
100-110 L736 18-20 LO sed 180-200 Dra 
<100 333 16-18 i es 160-180 10.9 
14-16 4.4 140-160 8.8 
12-14 304 120-140 fo We 
10-12 ae, 100-120 4.9 
<10 is 80-100 3.4 
<80 2D 
Unit U-1 >60 0.4 2 Lip psi as >80 Oh? 
Figures 16, 17, 18 50-60 34.9 16-17 Oi 70-80 ar ie 
33150 acres 40-50 50.85 14-16 26.0 60-70 PR EA 8 
<40 14.2 <14 8.2 50-60 Pe 
40-50 hi eae 
<40 ik 


Average 
Unit Thickness Area Oil yield Area Resource Area 
Contour Maps feet percent gallons percent 1000 bbls/acre percent 
Unit area, acres of tatal per ton Of fotal of total 
Unit U=2 >90 ssp >16 i Reges, >100 ie 
Figures 19, 20, 21 80-90 are O 14-16 74.2 90-100 Pei) 
32440 acres 70-80 44.9 <14 Zo ws 80-90 66.3 
<70 1473 <80 ihe aps) 
Unit.U-3 . >90 O37 >14 ahs D >80 23.0 
Figures 22, 23, 24 80-90 ie 2 12-14 Oil ip 70-80 SN 
31730 acres 70-80 45.7 10-12 LEZ 60-70 ve Wes) 
60-70 42.4 <10 ean} <60 eae!) 
<60 

Unit U-4 >60 B2e0 >16 685.9 >80 b Sie 
Figures 25, 26, .27 50-60 48.5 14-16 2pae 70-80 26.3 
31020 acres <50 LO e2 <14 Der 60-70 66.8 
<60 ae 
Unit U-5 >60 40.9 >10 65 >50 We 
Figures 28, 29, 30 50-60 41.0 8-10 ies) 40-50 GDs52 
30310 acres <50 18.1 <10 Led <40 ses 
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Figures 31, 32, 33 460-480 Zuo 16-17 2253 550-600 Zhge: 
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420-440 LO.3 L4=25 To 450-500 18.7 
400-420 L6.2 13-14 Jeo 400-450 i pee | 
<400 216 hogy? 12-13 On <400 ie 

11-12 4.3 

10-11 “ahs 

<10 igi 


*approximate, see text. 
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TABLE 3. Oil Shale Resource 
Naval Oil Shale Reserve No. 1, Colorado 


Resource Level Resource 


1000 bbls/acre 10” bbls in place 
Unit L-2 >40 0.01 
30-40 -48 
20-30 28 
<20 phe] 
Total -90 
Unit L-1 >140 0.04 
120-140 -48 
100-120 -30 
80-100 gat 
60-80 aft 2 
40-60 . 30 
20-40 i 
<20 04 
Total gt lw 
Rich Zone >140 0.80 
120-140 A 
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80-100 ays § 
60-80 ng We) 
40-60 ay as 
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this evaluation in billions of barrels of potential oil in place for 
each resource level in each unit. The resource represented by the total 
section is compared to the resource determined for the Units U-1 to U-5 
corrected for erosion loss. This correction amounts to 0.7 billion 
barrels of potential oil. Total resource in the oil shale including 
units, L-2, L-l, Mahogany zone, U-l, U-2, U-3, U-4, and U-5 but omitting 
B-groove and A-groove is 20.4 billion barrels of oil in place. The 
Mahogany zone includes 32 percent and the Rich zone 18 percent of this 
total resource. 


Resource values and their distribution in any unit are available 
from the summaries in table 2 supplemented by examination of the three 
contour maps specific for the unit. For example, it is evident from 
figure 5 that the available oil shale resource in unit L-2 is low grade. 
Only 0.2 percent (68 acres) of the unit's total area is richer than 14 
gallons per ton and only 2.8 percent (950 acres) is richer than 10 
gallons per ton. Average oil yield for unit L-1 is significantly higher. 
Approximately one third of the area underlain by this unit contains 
shale averaging more than 14 gallons per ton. Geographic distribution 
of this unit's resource is illustrated in figure 8. It is separated 
from the Mahogany zone by the barren rock in B-groove. Thickness of B- 
groove (figure 35) decreases as Unit L-l becomes richer (figure 8). The 
Mahogany zone ranges from 100 to more than 140 feet thick (figure 13) 
and only about 7 percent of the Mahogany zone's area is underlain by 
shale averaging less than 14 gallons per ton (figure 14). Only about 2 
percent of the total Mahogany zone resource (table 3) occurs in sections 
offering less than 100,000 barrels per acre. Resource variation in this 
unit is illustrated in figure 15. The rich zone ranges from 30 to more 
than 60 feet thick (figure 10) and only about 10 percent of its total 
area is underlain by shale averaging less than 24 gallons per ton (figure 
11). About 85 percent of the rich zone's total area offers 92 percent 
of this unit's oil shale resource in place (+80,000 barrels per acre). 
These numbers illustrate the range of detailed information available 
from the contour maps and tables 2 and 3 on the nature and distribution 
of the oil-shale resource on NOSR No. l. 


The resource available in continuous oil shale suitable for vertical 
modified in place development as defined by Smith, Beard and Trudell 
(19/8)i9: 17.45 billion. barrels of: oLl. in. place...Of. this, virtually: akl 
occurs in sections offering a resource of at least 400,000 barrels per 
acre. Thickness of this section increases from 400 feet on the south to 
nearly 500 feet on the north end of NOSR No. 1. Seventy-one percent of 
this resource is in sections richer than 15 gallons per ton and 79 
percent in shales averaging greater than 14 gallons per ton. This 
illustrates the fallacy in attempting to evaluate a resource in terms of 
average grade. Development of processes suitable to the resource actually 
available is more sensible than arbitrarily deciding on a specific cut- 
off grade. Not only do the three illustrations describing the total 
resource or any of the individual units permit optimizing site selection 
for any specific process but also present a complete picture. 


The resource evaluation presented is a measurement, accurate to at 
least 10 percent of the resource. However, not all of the oil shale on 
NOSR No. 1 is included. The low-grade oil shales underlying Unit L-2, 
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already discussed, represent additional resource not presently warranting 
evaluation. Smith, Beard, and Trudell (1978) described a unit overlying 
the oil-shales evaluated here. Their criterion for determining this 
upper limit of continuous oil shale suitable for vertical modified in- 
place development was the bottom of 25 feet of rock yielding less than 5 
gallons of oil per ton of rock. This condition is evident at the top of 
unit U-5 in cross section AA' (Plate 1). South of this cross section 
they indicate occurrence of additional oil shale not split off from the 
continuous oil shale by a lean section. This is their Unit IV. On NOSR 
No. 1 this unit averages less than 10 gallons per ton oil yield. It 
represents up to 130 feet additional thickness of continuous oil shale 
and additional resource reaching 100,000 barrels per acre. U. S. Navy 
officers in charge of NOSR No. 1 requested that this shale not be included 
in this evaluation because of its grade. Description and resource 
values for this additional resource are given by Smith, Beard, and 
Trudell (1978). 


Geologic factors bearing on development potential are available 
from the data presented. For example the direction of the depositional 
center of ancient Lake Uinta during deposition of these units may be 
indicated, because grade will tend to increase toward the depositional 
center. Section thickening is caused by two factors working on shale 
grade in opposing directions. These are: (1) marginal clastic influx 
and (2) depositional center collection which minimizes clastic transport 
(Smith, 1974). If the direction of thickening and grade increase coin- 
cide, they point toward the lake's depositional center during deposition 
of the unit. This coincidence is evident in Unit L-l1 (figures 7 and 8), 
.the Rich zone (figures 10 and 11), the Mahogany zone (figures 13 and 14) 
and unit U-1 (figures 16 and 17). These all indicate the depositional 
center to the northwest of the NOSR No. 1. This agrees with the deposi- 
tional center for the Mahogany zone sediments described by Smith (1974). 


If the direction of thickening and the grade increase don't coin- 
cide, clastic influx effects are indicated. This is demonstrated by the 
total section plots where thickness increases toward the north (figure 
31) and richness toward the west (figure 32). This results in the 
evident increase of total section resource (figure 33) toward the northwest 
corner of NOSR No. 1. Strong evidence of a clastic source directly east 
of NOSR No. 1 appears in unit L-2 thickness and richness contours (figures 
4 and 5) and in thickness contours on B-groove (figure 35). This source 
was probably the still existing structure called the Grand Hogback, 
apparently strongly active at various times during the depositional 
period represented by the Naval Reserve oil shales. A-groove, which 
apparently resulted from volcanic ash falls, has almost uniform thick- 
ness across NOSR No. 1 (see table 1). 


Two final geologic characteristics extractable from the data in 
table 1 deserve mention. The first is a structure map.contoured on the 
top of the Mahogany zone (figure 36). This indicates that the structure 
dips rather smoothly and regularly toward the northwest. This structure 
map permits construction of an overburden thickness map on the top of 
the Mahogany zone. Plate 6 presents these overburden contours. These 
are particularly useful in site selection. For example, the overburden 
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required for vertical modified in-place development is readily apparent. 
This overburden map is also extremely useful for selecting access sites. 
This mapping detected previously unknown access to the Mahogany zone 
along the East Fork of Parachute Creek. Subsequent checking verified 
the occurrence of Mahogany zone outcrop over the entire length indicated. 
Although the U. S. Geological Survey mapped the Mahogany Marker outcrop 
in East Fork as indicated in figure 2, it is also well exposed along 
most of the outcrop indicated in plate 6. In fact, the Rich zone is 
exposed. This provides several miles of additional direct access to the 
Mahogany zone. The overburden map also indicates an apparently easy 
route from the existing Anvil Points mine into the First Anvil Creek 
fork, permitting simultaneous, integrated development at several separate 
Mahogany zone sites. 


The oil-shale resource on NOSR No. 1 is suitable for mining develop- 
ment of the rich zone or larger sections of the Mahogany zone. Total 
resource in the rich zone is 3.7 billion barrels of oil, and in the 
Mahogany zone over 6 billion barrels. The Mahogany zone and its over- 
lying oil shales, suitable for development by vertical modified in-situ 
technology, represent more than 17 billion barrels of potential oil. 
This resource, completely under jurisdiction of DOE, offers the Depart- 
ment of Energy a unique combination of ownership, adequate resource, 
knowledge of resource characteristics, and knowledge of applicable 
technologies. 
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